Групиране на линии кокошки според някои показатели за продуктивност чрез комбинация от математически подходи ABSTRACT The object of this study includes the following lines of hens: egg-type hens (line D, line B, line CZ80M, line CZ80B) and dual-purpose type hens (line NG, line E, line Ss, line StR, line ChS). After some measurements, biometric data were obtained, related to the following groups of indicators: reproductive traits of lines of hens (fertility percentage and hatchability percentage); body weight of 1-day old chickens: male, female (g); body weight of 5-month-old: male, female (kg); average egg mass (g), age of sexual maturity (days), body weight of 10-month-old hens (kg), egg production for 180 days (number). The main objectives in the present study are two: on the one hand to group the indicated lines of hens into clusters according to similarity in the relevant groups of indicators and on the other hand to determine which features have the greatest impact in the formation of the individual clusters. A combination of two mathematicalstatistical methods was applied that provide objective and comprehensive information about the questions asked. A hierarchical cluster analysis was first used, followed by a factor analysis using the method of the main components. For the lines in the egg-type hens group, it was found that line D was farthest from the rest of the examined lines according to most of the analyzed indicators. The same is Line ChS from dual-purpose-type hens.
INTRODUCTION
A classic mathematical-statistical method for research in the field of genetics and selection is the cluster analysis (Vanhala et al., 1998; Rosenberg et al., 2001) . The use of cluster analysis for the purpose of grouping the lines of hens according to certain indicators is a widespread study tool in poultry production (Rosenberg et al., 2001; De Marchi et al., 2006; Granevitze et al., 2007) .
Some authors use a hierarchical cluster analysis to group broiler lines according to their bacterial characteristics in the gut (Yang et al., 2008; Corrigan et al., 2015) . Savegnano et al. (2011) apply several mathematical approaches to study and analyze the relations between breeding values and egg production. The objectives of this paper are to identify the phenotypic egg-laying patterns in a White Leghorn line mainly selected for egg production, to estimate genetic parameters of traits related to egg production and to evaluate the genetic association between these by principal components analysis to identify trait(s) that could be used as selection criteria to improve egg production. Grouping is performed according to the genotype specificity through a nonhierarchical cluster analysis using the method of K-mean analysis. Tadano et al. (2012) examine five lines of chickens and grouped them through a cluster analysis based on indicators related to their genotype features.
The genomes of Chinese native chicken populations are screened using microsatellites as molecular markers (Chen et al., 2004) . By using fuzzy cluster, 12 Chinese native chicken populations are divided into three clusters. Cluster analysis is used to investigate the genetic divergence among five lines of laying hens by Barbosa et al. (2005) . There is genetic divergence between the evaluated laying hens' lines, so that two lines showed higher laying rate, egg weight and body weight. The trait that contributed mostly to the genetic divergence is body weight at 48 weeks of age.
The genetic diversity of the Turkish native chicken breeds Denizli and Gerze are evaluated with 10 microsatellite markers (Kaya and Yildiz, 2008) . A phylogenetic tree is constructed using genetic distance and the neighbor- The hens were hatched in June, mated randomly (panmixia) in common breeding groups and sex ratio 1:10 on a deep permanent litter. A selection for exterior traits is made at 3 months of age. Birds are fed with commercial rations according to their production type and age (Lalev et al., 2012) . To achieve the goals set at the beginning of the study, a hierarchical cluster analysis was used. This method was applied for each group of hens and for each group of indicators respectively. The notes, further included in the statement, apply to each clustering procedure pertaining to each of the groups considered (this will not be explicitly noted in order to avoid repetition). A dendrogram has been obtained that visualizes the results of the clustering procedure. Following a hierarchical cluster analysis using different clustering agglomerative methods, have chosen the inter-group binding method and the measure of similarity is the quadratic Euclidean distance.
To determine a suitable agglomerative clustering method giving optimal results, the one-dimensional distribution method was applied. Cross-tables were built and the contingency ratio was found to be greatest in the preferred method. This determines its choice in the current mathematical processing.
A factor analysis is used to determine the criteria by which some lines form a cluster and others are separated into another clusters. In order to avoid the impact of the different dimensions, the data is standardized. It is found that they have a distribution close to normal. The factor analysis is a statistical approach by which a plurality of n correlated variables is transformed into a plurality of m uncorrelated variables (m<n) which most influence the change of the initial data.
The mathematical data processing was performed using the statistical program product IBM Statistics SPSS 24 (Meyers et al., 2013; Abramowitz and Weinberg, 2016; Cronk, 2016) .
RESULTS AND DISCUSSION
IBM Statistics SPSS 24 was used to establish the normal distribution of data (using the Kolmogorov-Smirnov test).
All observations are independent. In order for a factor analysis to be applied, the data needs to be subjected In the second group of indicators, the hens from eggtype form two independent clusters (Figure 2) , which According to the indicator in the fourth group, the five lines of hens under consideration were grouped into two clusters (Figure 9) . Line E forms a stand-alone cluster and joins at a distance of 25 Euclidean units to the cluster with the other lines, proving its remoteness according to the surveyed indicators. This is due to the large value of body weight of 10-month-old laying hens (kg), which is statistically proven different from the rest. 
CONCLUSIONS
After applying a cluster analysis with respect to the lines of the Egg-type hens, it was found that according to the indicators from the first, third and fourth group, line D is the farthest away from the other lines studied.
Among the lines of Dual-purpose-type hens it was found in most of the clustering, that line ChS forms independent clusters joining the rest at a large Euclidean distance, proving its differences with the other lines of that group.
The results of this study could be taken into account in future scientific developments for the purpose of selecting individual lines of hens according to the relevant indicators.
